FILM FOR OPTICAL APPLICATIONS 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a film for optical applications and, 
more particularly, to a film for optical applications which effectively 
prevents reflection of light at the surface of image display devices such as 
plasma displays (PDP), cathode ray tubes (CRT) and liquid crystal displays 
(LCD), exhibits excellent scratch resistance and can be produced at a low 
cost. 

Description of Related Art 

When a display such as PDP, CRT and LCD is used, light from the 
outside is occasionally reflected at the surface of the display and difficulty 
arises in watching images on the display. In particular, as the size of flat 
panel displays increases recently, solving the above problem is becoming 
more important. 

To solve the above problem, various treatments for preventing 
reflection of light and anti-glare treatments have been made on various 
display devices. As one of such treatments, a film for preventing 
reflection of light is used for various display devices. 

The film for preventing reflection of light has heretofore been 

prepared in accordance with a dry process such as vapor deposition and 

sputtering. A thin film of a substance having a low refractive index such 
as MgF2 is formed on a substrate film or layers of a substance having a 

high refractive index such as ITO (indium oxide doped with tin) and Ti02 

and layers of a substance having a low refractive index such as MgF 2 and 



Si0 2 are alternately laminated. However, the film for preventing 
reflection of light prepared in accordance with the dry process has a 
drawback in that the cost of production is high. 

Recently, preparation of a film for preventing reflection of light in 
accordance with a wet process, i.e., a coating process, has been attempted. 
However, the film for preventing reflection of light prepared in accordance 
with the wet process has a drawback in that scratch resistance of the 
surface of the prepared film is inferior to that of the film prepared in 
accordance with the dry process. 

SUMMARY OF THE INVENTION 

The present invention has an object of providing a film for optical 
applications which effectively prevents reflection of light at the surface of 
image display devices such as PDP, CRT and LCD, exhibits excellent 
scratch resistance and can be produced at a low cost. 

As the result of extensive studies by the present inventors on the 
film for preventing reflection of light which exhibits excellent property of 
preventing reflection of light and excellent scratch resistance and can be 
produced at a low cost, it was found that a film for preventing reflection of 
light which was formed by successively laminating a hard coat layer, a 
first high refractivity layer, a second high refractivity layer, a low 
refractivity layer and, optionally, an antifouling layer having specific 
properties and thicknesses on a substrate film in accordance with a wet 
process could be used advantageously as the film for optical application 
achieving the above object. The present invention has been completed 
based on the knowledge. 



The present invention provides: 

(1) A film for optical applications comprising (A) a hard coat layer which 
comprises a resin cured by an ionizing radiation and has a thickness in a 
range of 2 to 20 \im, (B) high refractivity layer I which comprises a resin 
cured by an ionizing radiation and a metal oxide and has a refractive index 
in a range of 1.70 to 1.95 and a thickness in a range of 30 to 120 nm, (C) 
high refractivity layer II which comprises a resin cured by an ionizing 
radiation and a metal oxide and has a refractive index in a range of 1.60 to 
1.70 and a thickness in a range of 5 to 70 nm and (D) a low refractivity 
layer which comprises a siloxane-based polymer and has a refractive index 
in a range of 1.37 to 1.47 and a thickness in a range of 60 to 180 nm, layers 
(A) to (D) being successively laminated at least on one face of a substrate 
film; 

(2) A film described in (1), wherein the hard coat layer of layer (A) is a 
hard coat layer having an anti-glare property; 

(3) A film described in any of (1) and (2), wherein the metal oxide in high 
refractivity layer I of layer (B) is at least one compound selected from 
titanium oxide and indium oxide doped with tin; 

(4) A film described in any of (1) to (3), wherein the metal oxide in high 
refractivity layer II of layer (C) is tin oxide doped with antimony; 

(5) A film described in any of (1) to (4), wherein the low refractivity layer 
of layer (D) has an antistatic property; and 

(6) A film described in any of (1) to (5), which further comprises (E) an 
antifouling coating layer disposed on layer (D). 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The film for optical applications of the present invention is a film for 
preventing reflection of light which is prepared in accordance with a wet 
process and has a structure comprising (A) a hard coat layer, (B) high 
refractivity layer I, (C) high refractivity layer II, (D) a low refractivity 
layer and, optionally, (E) an antifouling layer disposed on layer (D), which 
are successively laminated at least on one face of a substrate film. 

The substrate film used for the film for optical applications of the 
present invention is not particularly limited and can be suitably selected 
from conventional plastic films heretofore used as the substrate for films 
for preventing reflection of light in optical applications. Examples of the 
plastic film include films of polyesters such as polyethylene terephthalate, 
polybutylene terephthalate and polyethylene naphthalate, polyethylene 
films, polypropylene films, cellophane, diacetylcellulose films, 
triacetylcellulose films, acetylcellulose butyrate films, polyvinyl chloride 
films, polyvinylidene chloride films, polyvinyl alcohol films, ethylene -vinyl 
acetate copolymer films, polystyrene films, polycarbonate films, 
polymethylpentene films, polysulfone films, polyether ether ketone films, 
polyether sulfone films, polyether imide films, polyimide films, fluororesin 
films, polyamide films and acrylic resin films. 

The substrate film may be transparent or translucent and may be 
colored or colorless. These properties of the substrate film can be suitably 
selected in accordance with the application. For example, when the film 
is used as a protective film of a liquid crystal display, a colorless 
transparent film is preferable as the substrate film. 

The thickness of the substrate film is not particularly limited and 
suitably selected in accordance with the situation. The thickness is, in 



general, in the range of 15 to 250 \im and preferably in the range of 30 to 
200 |j.m. One or both surfaces of the substrate film may be treated, for 
example, by oxidation or by a treatment of forming rough surfaces, where 
desired, so that adhesion with layers disposed on the surfaces is enhanced. 
Examples of the treatment of the surface by oxidation include the 
treatment by corona discharge, the treatment by chromic acid (a wet 
process), the treatment by flame, the treatment by heated air and the 
irradiation by ultraviolet light in the presence of ozone. Examples of the 
treatment of forming rough surfaces include the treatment by sand 
blasting and the treatment with a solvent. The surface treatment is 
suitably selected in accordance with the type of the substrate film. In 
general, the treatment by corona discharge is preferable from the 
standpoint of the effect and the operability. The substrate film may be 
treated by forming a primer on one or both faces thereof. 

In the film for optical applications of the present invention, the hard 
coat layer of layer (A) comprising a resin cured by an ionizing radiation is 
disposed as the first layer at least on one surface of the substrate film. It 
is preferable that the hard coat layer has the anti-glare property. 
Therefore, the hard coat layer may further comprise various types of fillers 
providing the anti-glare property in combination with the resin cured by 
an ionizing radiation. 

The hard coat layer can be formed, for example, by coating the 
substrate film with a coating fluid for forming the hard coat layer which 
comprises a compound curable by an ionizing radiation and, where desired, 
fillers providing the anti-glare property and a photopolymerization 
initiator to form a coating layer, followed by irradiating the formed coating 



layer by an ionizing radiation to cure the coating layer. 

Examples of the above compound curable by an ionizing radiation 
include photopolymerizable prepolymers and photopolymerizable 
monomers. The photopolymerizable prepolymer include prepolymers of 
the radical polymerization type and prepolymers of the cationic 
polymerization type. Examples of the prepolymer of the radical 
polymerization type include prepolymers of polyester acrylates, 
prepolymers of epoxyacrylates, prepolymers of urethane acrylates and 
prepolymers of polyol acrylates. The prepolymer of a polyester acrylate 
can be obtained, for example, by obtaining a polyester oligomer having 
hydroxyl groups at both ends by condensation of a poly functional 
carboxylic acid with a polyhydric alcohol, followed by esterification of the 
hydroxyl groups in the obtained oligomer with (meth)acrylic acid; or by 
obtaining an oligomer having hydroxyl groups at both ends by addition of 
an alkylene oxide to a polyfunctional carboxylic acid, followed by 
esterification of the hydroxyl groups of the obtained oligomer with 
(meth)acrylic acid. The prepolymer of an epoxyacrylate can be obtained, 
for example, by esterification of oxirane rings in an epoxy resin of a 
bisphenol type or a novolak type having a relatively low molecular weight 
by the reaction with (meth) acrylic acid. The prepolymer of a urethane 
acrylate can be obtained, for example, by obtaining a polyure thane 
oligomer by the reaction of a polyether polyol or a polyester polyol with a 
polyisocyanate, followed by esterification of the obtained oligomer with 
(meth)acrylic acid. The prepolymer of polyol acrylate can be obtained, for 
example, by esterification of hydroxyl groups in a polyether polyol with 
(meth)acrylic acid. The above photopolymerizable prepolymers may be 



used singly or in combination of two or more. 

As the photopolymerizable prepolymer of the cationic 
polymerization type, in general, epoxy resins are used. Examples of the 
epoxy resin include compounds obtained by epoxidation of polyhydric 
phenols such as bisphenol resins and novolak resins with epichlorohydrin 
and compounds obtained by oxidation of linear olefin compounds and cyclic 
olefin compounds with peroxides. 

Examples of the photopolymerizable monomer include 
polyfunctional acrylates such as 1,4-butanediol di (me th) aery late, 1,6- 
hexanediol di(meth)acrylate, neopentyl glycol di(meth)acrylate, 
polyethylene glycol di(meth)acrylate, neopentyl glycol adipate 
di(meth)acrylate, neopentyl glycol hydroxypivalate di(meth)acrylate, 
dicyclopentanyl di(meth)acrylate, dicyclopentenyl di(meth)acrylate 
modified with caprolactone, di(meth) aery late of phosphoric acid modified 
with ethylene oxide, cyclohexyl di(meth)acrylate substituted with allyl 
group, isocyanurate di(meth)acrylate, trimethylolpropane tri- 
(meth)acrylate, dipentaerythritol tri(meth)acrylate, dipentaerythritol 
tri(meth) aery late modified with propionic acid, pentaerythritol 
tri(meth)acrylate, trimethylolpropane tri(meth) aery late modified with 
propylene oxide, tris(acryloxyethyl) isocyanurate, dipentaerythritol 
penta(meth)acrylate modified with propionic acid, dipentaerythritol 
hexa(meth)acrylate and dipentaerythritol hexa(meth)acrylate modified 
with caprolactone. The above photopolymerizable monomers may be used 
singly or in combination of two or more. The photopolymerizable 
monomer may be used in combination with the photopolymerizable 
prepolymer described above. 



Examples of the photopolymerization initiator for the photo- 
polymerizable prepolymers and the photopolymerizable monomers of the 
radical polymerization type, which is used where desired, include benzoin, 
benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl ether, 
benzoin n-butyl ether, benzoin isobutyl ether, acetophenone, 
dimethylaminoacetophenone, 2,2-dimethoxy-2-phenylacetophenone, 2,2- 
diethoxy-2-phenylacetophenone, 2-hydroxy-2-methyl-l-phenylpropane-l- 
one, 1-hydroxycyclohexyl phenyl ketone, 2-methyl-l-[4-(methylthio)- 
phenyl]-2-morpholino-propane-l-one, 4-(2-hydroxyethoxy)phenyl 2- 
(hydroxy-2-propyl) ketone, benzophenone, p-phenylbenzophenone, 4,4'- 
diethylaminobenzophenone, dichlorobenzophenone, 2-methyl- 

anthraquinone, 2-ethylanthraquinone, 2-tertiary-butylanthraquinone, 2- 
aminoanthraquinone, 2-methylthioxanthone, 2-ethylthioxanthone, 2- 
chlorothioxanthone, 2,4-dimethylthioxanthone, 2,4-diethylthioxanthone, 
benzyl dimethyl ketal, acetophenone dimethyl ketal and p- 
dimethylaminobenzoates. Examples of the photopolymerization initiator 
for the photopolymerizable prepolymers of the cationic polymerization type 
include compounds composed of oniums such as aromatic sulfonium ions, 
aromatic oxosulfonium ions and aromatic iodonium ions and anions such 
as tetrafluoroborates, hexafiuorophosphates, hexafluoroantimonates and 
hexafluoroarsenates. The above photopolymerization initiators may be 
used singly or in combination of two or more. The amount is, in general, 
selected in the range of 0.2 to 10 parts by weight per 100 parts by weight of 
the photopolymerizable prepolymer, the photopolymerizable monomer or 
both compounds. 

As the filler providing the anti-glare property which is used where 
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desired, a filler can be suitably selected from fillers which are heretofore 
known as the fillers providing the anti-glare properties. Examples of the 
filler include silica particles having an average diameter of particles in the 
range of about 1.5 to 7 um, aggregates of particles of colloidal silica with an 
amine compound which have an average diameter of particles in the range 
of about 0.5 to 10 urn and mixtures of silica particles having an average 
diameter of particles in the range of about 0.5 to 10 \im and fine particles of 
metal oxides having an average diameter of particles in the range of about 
1 to 60 nm. The content of the filler in the hard coat layer can be suitably 
selected based on the consideration on the anti-glare property and the 
scratch resistance of the obtained film for optical applications. 

The coating fluid for forming the hard coat layer used in the present 
invention can be prepared by adding to a suitable solvent the above 
compound curable by irradiation by an ionizing radiation, the above filler 
and the above photopolymerization initiator which are used where desired, 
and various additives such as antioxidants, ultraviolet light absorbents, 
light stabilizers, leveling agents and defoaming agents in each specific 
amount, followed by dissolving or dispersing the added components in the 
solvent. 

Examples of the solvent used in the above preparation include 
aliphatic hydrocarbons such as hexane, heptane and cyclohexane, aromatic 
hydrocarbons such as toluene and xylene, halogenated hydrocarbons such 
as methylene chloride and ethylene chloride, alcohols such as methanol, 
ethanol, propanol and butanol, ketones such as acetone, methyl ethyl 
ketone, 2-pentanone and isophorone, esters such as ethyl acetate and butyl 
acetate and cellosolve solvents such as ethylcellosolve. 
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The concentration and the viscosity of the coating fluid thus 
prepared is not particularly limited as long as the coating fluid can be used 
for coating and can be suitably selected in accordance with the situation. 

The prepared coating fluid is applied on one face of the substrate 
film in accordance with a conventional process such as the bar coating 
process, the knife coating process, the roll coating process, the blade 
coating process, the die coating process and the gravure coating process 
and a coating layer is formed. The formed coating layer is dried and 
cured by irradiation by an ionizing radiation and a hard coat is formed. 

Examples of the ionizing radiation include ultraviolet light and 
electron beams. The ultraviolet light can be obtained by using a high 
voltage mercury lamp, a fusion H lamp or a xenon lamp. The electron 
beams can be obtained by using an electron beam accelerator. Among 
these ionizing radiations, ultraviolet light is preferable. When the 
electron beams are used, a cured film can be obtained without adding 
polymerization initiators. 

The thickness of the hard coat layer thus formed is in the range of 2 
to 20 um. When the thickness is smaller than 2 \xia, there is the 
possibility that scratch resistance of the film for optical applications is not 
sufficiently exhibited. When the thickness exceeds 20 \im, there is the 
possibility that cracks are formed in the hard coat layer. It is preferable 
that the thickness of the hard coat layer is in the range of 3 to 15 um and 
more preferably in the range of 5 to 10 um. 

In the film for optical applications of the present invention, the 
refractive index of the hard coat layer is, in general, in the range of 1.47 to 
1.60 and preferably in the range of 1.49 to 1.55. 
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In the film for optical applications of the present invention, high 
refractivity layer I of layer (B) and high refractivity layer II of layer (C) are 
formed successively on the hard coat layer formed above. 

High refractivity layer I of layer (B) described above comprises a 
resin cured by an ionizing radiation and a metal oxide and has a refractive 
index in the range of 1.70 to 1.95 and a thickness in the range of 30 to 120 
nm. When the refractive index is smaller than 1.70, it is difficult that the 
film for optical applications exhibiting the excellent property for 
preventing reflection of light is obtained and the object of the present 
invention is not achieved. It is difficult that a layer having a refractive 
index exceeding 1.95 is formed. It is preferable that the refractive index 
is in the range of 1.70 to 1.75. 

The metal oxide is not particularly limited as long as the layer 
having a thickness in the range of 30 to 120 nm and a refractive index in 
the range of 1.70 to 1.95 is obtained. Examples of the metal oxide include 
titanium oxide, indium oxide doped with tin and tantalum oxide. Among 
these metal oxides, titanium oxide and indium oxide doped with tin are 
preferable. The metal oxide may be used singly or in combination of two 
or more. 

The content of the metal oxide in high refractivity layer I is not 
particularly limited and can be suitably selected in accordance with the 
desired thickness and refractive index of high refractivity layer I. In 
general, the content is in the range of about 200 to 600 parts by weight per 
100 parts by weight of the cured resin. 

High refractivity layer I can be formed as described in the following. 
Into a suitable solvent, the compound curable by ionizing radiation, the 
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metal oxide and, where desired, the photopolymerization initiator and 
various additives such as antioxidants, ultraviolet light absorbents, light 
stabilizers, leveling agents and defoaming agents are added in each 
specific amount. The added components are dissolved or dispersed in the 
solvent and a coating fluid is prepared. The obtained coating fluid is 
applied to the hard coat layer of layer (A) to form a coating layer and the 
formed coating layer is then cured by irradiation by an ionizing radiation 
to form high refractivity layer I of layer (B). 

The compound curable by ionizing radiation, the photo- 
polymerization initiator, the solvent used for preparation of the coating 
fluid, the process for applying the coating fluid and the ionizing radiation 
are the same as those described for preparation of the hard coat of layer 
(A). 

High refractivity layer II of layer (C) disposed on high refractivity 
layer I comprises a resin cured by an ionizing radiation and a metal oxide 
and has a refractive index in the range of 1.60 to 1.70 and a thickness in 
the range of 5 to 70 nm. It is important that layer (C) has a high 
refractive index and exhibits excellent adhesion with the low refractivity 
layer of layer (D) which comprises a siloxane-based polymer. From these 
standpoints, the metal oxide is not particularly limited as long as the 
metal oxide satisfied the above conditions. Preferable examples of the 
metal oxide include tin oxide doped with antimony (ATO) and tin oxide. 
The metal oxide may be used singly or in combination of two or more. 

When the refractive index of high refractivity layer II is lower than 
1.60, it is difficult that the film for optical applications exhibiting the 
excellent property for preventing reflection of light is obtained and the 
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object of the present invention cannot be achieved. It is difficult that a 
layer exhibiting excellent adhesion with layer (D) and has a refractive 
index exceeding 1.70 is obtained. 

In the film for optical applications of the present invention, since 
high refractivity layer I and high refractivity layer II are laminated on the 
hard coat layer of layer (A), a layer which works as a high refractivity layer 
and exhibits excellent adhesion with the low refractivity layer of layer (D) 
comprising a siloxane-based polymer is integrally formed from layer (B) 
and layer (C). 

The content of the metal oxide in high refractivity layer II is not 
particularly limited and can be suitably selected in accordance with the 
desired thickness and refractive index of high refractivity layer II. In 
general, the content is in the range of about 200 to 600 parts by weight per 
100 parts by weight of the cured resin. 

High refractivity layer II can be formed as described in the following. 
Into a suitable solvent, the compound curable by ionizing radiation, the 
metal oxide and, where desired, the photopolymerization initiator and 
various additives such as antioxidants, ultraviolet light absorbents, light 
stabilizers, leveling agents and defoaming agents are added in each 
specific amount. The added components are dissolved or dispersed in the 
solvent and a coating fluid is prepared. The obtained coating fluid is 
applied to the high refractivity layer I of layer (B) to form a coating layer 
and the formed coating layer is then cured by irradiation by an ionizing 
radiation to form high refractivity layer II of layer (C). 

The compound curable by ionizing radiation, the photo- 
polymerization initiator, the solvent used for preparation of the coating 
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fluid, the process for applying the coating fluid and the ionizing radiation 
are the same as those described for preparation of the hard coat of layer 
(A). 

In the present invention, it is advantageous that the formation of 
the hard coat layer of layer (A), high refractivity layer I of layer (B) and 
high refractivity layer II of layer (C) are conducted in accordance with the 

following process. 

The coating fluid for forming the hard coat layer is applied to one 
face of the substrate film to form a coating layer and the formed coating 
layer is cured to an intermediately cured condition by irradiation by an 
ionizing radiation. When ultraviolet light is used as the ionizing 
radiation, the amount of the radiation is, in general, in the range of about 
50 to 150 mJ/cm 2 . To the cured layer in the condition of an intermediate 
curing, the coating fluid for forming layer (B) is applied and a coating layer 
is formed. The formed coating layer is cured to an intermediately cured 
condition by irradiation by an ionizing radiation in the same manner as 
that described above. Then, the coating fluid for forming layer (C) is 
applied to the intermediately cured layers and a coating layer is formed. 
The formed layers are irradiated sufficiently by the ionizing radiation and 
layers (A), (B) and (C) are completely cured. When ultraviolet light is 
used as the ionizing radiation, the amount of the irradiation is, in general, 
in the range of 400 to 1,000 mJ/cm 2 . 

As described above, the hard coat layer of layer (A), high refractivity 
layer I of layer (B) and high refractivity layer II of layer (C), which exhibit 
excellent adhesion between layer (A) and layer (B) and between layer (B) 
and layer (C), are formed successively on the substrate film. 
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In the film for optical applications of the present invention, the low 
refractivity layer of layer (D) is formed on high refractivity layer II of layer 
(C) which has been formed as described above. The low refractivity layer 
comprises a siloxane -based polymer and has a refractive index in the range 
of 1.37 to 1.47 and a thickness in the range of 60 to 180 nm. When the 
refractive index or the thickness is outside the above range, it is difficult 
that the film for optical applications exhibiting the excellent property for 
preventing reflection of light and the excellent scratch resistance is 
obtained. 

Examples of the layer comprising the siloxane-based polymer 
include layers comprising inorganic silica-based compounds (including 
polysilicic acid), layers comprising polyorganosiloxane-based compounds 
and layers comprising mixture of these compounds. The inorganic silica- 
based compounds and the polyorganosiloxane-based compounds can be 
produced in accordance with conventional processes. 

For example, a process of partially or completely hydrolyzing and 
polycondensing an alkoxysilane compound represented by general formula 

[1]: 

Rl n Si(OR 2 ) 4 _ n - [1] 

using an inorganic acid such as hydrochloric acid and sulfuric acid or an 
organic acid such as oxalic acid and acetic acid is preferable. In general 
formula [1], R 1 represents a group which is not hydrolyzed such as an alkyl 
group, a substituted alkyl group, the substituent being a halogen atom, 
hydroxyl group, thiol group, epoxy group or (meth)acryloyloxy group, an 
alkenyl group, an aryl group and aralkyl group; R 2 represents a lower 
alkyl group; n represents 0 or an integer of 1 to 3; and, when a plurality of 
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R 1 and OR 2 are present, the plurality of R 1 may represent the same group 
or different groups and the plurality of OR 2 may represent the same group 
or different groups. 

When a tetraalkoxysilane, i.e., the compound represented by 
general formula [1] in which n represents 0, is completely hydrolyzed, 
inorganic silica-based compounds are obtained. When the tetraalkoxy- 
silane is partially hydrolyzed, polyorganosiloxane-based compounds or a 
mixture of inorganic silica-based compounds and polyorganosiloxane- 
based compounds is obtained. When the compound represented by 
general formula [1] in which n represents 1 to 3 is partially or completely 
hydrolyzed, polyorganosiloxane-based compounds are obtained since such 
a compound has a group which is not hydrolyzed. A suitable solvent may 
be used for the hydrolysis so that the hydrolysis can be conducted 
uniformly. 

Examples of the alkoxysilane compound represented by general 
formula [1] include tetramethoxysilane, tetraethoxysilane, tetra-n- 
propoxysilane, tetraisopropoxysilane, tetra-n-butoxysilane, tetra- 
isobutoxysilane, tetra-sec-butoxysilane, tetra-tert-butoxysilane, 
methyltrimethoxysilane, methytriethoxysilane, methyltripropoxysilane, 
methyltriisopropoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, 
propyltriethoxysilane, butyltrimethoxysilane, phenyltrimethoxysilane, 
phenyltriethoxysilane, y-glycidoxypropyltrimethoxysilane, y-acryloyloxy- 
propyltrimethoxysilane, Y _me thacryloyloxypropyltrimethoxysilane, 
dimethyldimethoxysilane, methylphenyldimethoxysilane, vinyl- 

trimethoxysilane, vinyltriethoxysilane, divinyldimethoxysilane, 
divinyldiethoxysilane, trivinylmethoxysilane and trivinylethoxysilane. 
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The alkoxysilane compound may be used singly or in combination of two or 
more. 

In the above process, where necessary, an aluminum compound 
such as aluminum chloride and trialkoxyaluminum may be added in a 
suitable amount. 

As another process, using a silicon compound such as sodium meta- 
silicate, sodium ortho-silicate and water glass (a mixture of sodium 
silicates) as the raw material, the silicon compound may be hydrolyzed 
with an acid such as hydrochloric acid, sulfuric acid and nitric acid or a 
metal compound such as magnesium chloride and calcium sulfate. Free 
silicic acid is formed by the hydrolysis. This compound is easily 
polymerized and a mixture of linear compounds, cyclic compounds and 
network compounds are obtained although the composition is different 
depending on the type of the material. Polysilicic acid obtained from 
water glass contains as the major components compounds having linear 
structures represented by general formula [2]: 

OR 

I 

R-CKS i -CBarR 

OR ~ [21 

wherein m represents the degree of polymerization and R represents 
hydrogen atom, silicon atom or a metal atom such as magnesium and 
aluminum. 

Completely inorganic silica-based compounds can be obtained as 

described above. As the inorganic silica-based compound, silica gel 
(SiO x .nH20) can also be used. 
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The low refractivity layer of layer (D) can be formed by applying a 
coating fluid comprising the siloxane-based polymer or a precursor thereof 
to high refractivity layer II of layer (C) in accordance with a conventional 
process such as the bar coating process, the knife coating process, the roll 
coating process, the blade coating process, the die coating process and the 
gravure coating process to form a coating layer, followed by a heating 
treatment. 

In the low refractivity layer comprising the siloxane-based polymer 
thus formed, it is preferable that the siloxane-based polymer has silanol 
group or other hydrophilic groups since the antistatic property is provided 
and attachment of dusts to the obtained film for optical applications can be 
suppressed. 

In the film for optical applications of the present invention, where 
desired, an antifouling coating layer can be disposed on the low refractivity 
layer of layer (D). The antifouling coating layer can be formed, in general, 
by applying a coating fluid comprising a fluororesin to the low refractivity 
layer of layer (D) in accordance with a conventional process such as the bar 
coating process, the knife coating process, the roll coating process, the 
blade coating process, the die coating process and the gravure coating 
process to form a coating layer, followed by a drying treatment. 

The thickness of the antifouling coating layer is, in general, in the 
range of 1 to 10 nm and preferably in the range of 3 to 8 nm. By disposing 
the antifouling layer, the surface of the obtained film for optical 
applications is provided with an improved slipping property and fouling of 
the surface is suppressed. 

In the film for optical applications of the present invention, an 
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adhesive layer for adhering the film for optical applications to an adhere nd 
such as a liquid display device may be formed on the face of the substrate 
film opposite to the face having the hard coat layer. As the adhesive 
constituting the adhesive layer, an adhesive for optical applications such 
as acrylic adhesive, urethane adhesives and silicone adhesives can be 
preferably used. The thickness of the adhesive layer is, in general, in the 
range of 5 to 100 pirn and preferably in the range of 10 to 60 \xm. 

A release film may be disposed on the adhesive layer. Examples of 
the release film include release films prepared by coating paper such as 
glassine paper, coated paper and laminate paper or a plastic film with a 
release agent such as a silicone resin. The thickness of the release film is 
not particularly limited. In general, the thickness of the release film is in 
the range of 20 to 150 \im. 

To summarize the advantages of the present invention, the film for 
optical applications of the present invention is prepared in accordance with 
the wet process, exhibits the excellent property for preventing reflection of 
light and the excellent scratch resistance, can be produced at a low cost 
and is advantageously used as a film for preventing reflection of light on 
image display devices such as PDP, CRT and LCD. 

EXAMPLES 

The present invention will be described more specifically with 
reference to examples in the following. However, the present invention is 
not limited to the examples. 

The physical properties of the films for optical applications obtained 
in Examples were measured in accordance with the following methods. 
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(1) Bottom reflectivity 

The reflectivity was measured using a spectrophotometer 
[manufactured by SHIMADZU Corporation; UV-3101PC]. The 
reflectivity at the wavelength showing the lowest reflectivity was used as 
the bottom reflectivity. 

(2) Scratch resistance 

The surface of a sample was rubbed with steel wool #0000 under a 
load of 9.8 X 10" 3 N/mm 2 in five reciprocal movements and the condition of 
the surface was visually observed. When no scratches were found on the 
surface, the result was evaluated as good. When scratches were found on 
the surface, the result was evaluated as poor. 

Example 1 

(1) The surface treated for enhancing adhesion of a polyethylene 
terephthalate (PET) film having a thickness of 188 um [manufactured by 
TOYOBO Co., Ltd.; the trade name: A4100] was coated with an acrylic 
hard coating material of the ultraviolet light curing type [manufactured by 
JSR Corporation; the trade name: DESOLITE KZ7224; the concentration 
of the solid components: 46% by weight] using a Mayer bar No. 12 in a 
manner such that the thickness of the film after the heating treatment was 
5.8 \im. After the formed layer was dried at 80°C for 1 minute, the layer 
was irradiated by ultraviolet light in an amount of 80 mJ/cm 2 and cured 
into an intermediately cure condition and a hard coat layer was formed. 

(2) An acrylic hard coating material containing Ti0 2 [manufactured by 

JSR Corporation; the trade name: DESOLITE Z7252D; the concentration 
of solid components: 45% by weight; Ti0 2 :acrylic resin=75:25 (ratio by 
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weight)] was diluted with a mixed solvent containing methyl isobutyl 
ketone and isopropyl alcohol in relative amounts of 1:1 by weight so that 
the concentration of the solid components was adjusted to 3% by weight to 
prepare a coating material. The intermediately cured hard coat layer 
formed in step (1) described above was coated with the coating material 
prepared above using a Mayer bar No. 4 in a manner such that the 
thickness of the film after the heating treatment was 90 nm. After the 
formed layer was dried at 80°C for 1 minute, the layer was irradiated by 
ultraviolet light in an amount of 80 mJ/cm 2 and cured into an 
intermediately cured condition and high refractivity layer I was formed. 
(3) To 100 parts by weight of a dispersion of tin oxide doped with 
antimony [manufactured by ISHIHARA TECHNO Co., Ltd.; the trade 
name: SN-100P; a dispersion in isobutanol; the concentration of solid 
components: 30% by weight], 6.6 parts by weight of an acrylic resin of the 
ultraviolet light curing type [manufactured by DAINICHI SEIKA KOGYO 
Co., Ltd.; the trade name: SEIKA BEAM EXF-OIL(NS)] was added and the 
resultant mixture was diluted with a mixed solvent containing methyl 
isobutyl ketone and isopropyl alcohol in relative amounts of 1:1 by weight 
so that the concentration of the solid components in the entire obtained 
material was adjusted to 1% by weight to prepared a coating material. 
Intermediately cured high refractivity layer I formed in step (2) described 
above was coated with the coating material prepared above using a Mayer 
bar No. 4 in a manner such that the thickness of the film after the heating 
treatment was 40 nm. After the formed layer was dried at 80°C for 1 
minute, the layer was irradiated with ultraviolet light in an amount of 700 
mJ/cm 2 and cured and high refractivity layer II was formed. By 
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irradiating with ultraviolet light in an amount of 700 mJ/cm 2 , the hard 
coat layer, high refractivity layer I and high refractivity layer II were 
completely cured. 

As described above, the hard coat layer having a refractive index of 
1.51, high refractivity layer I having a refractive index of 1.72 and high 
refractivity layer II having a refractive index of 1.66 were successively 
formed on the PET film. 

(4) High refractivity layer II formed in step (3) described above was 
coated with a siloxane-based coating material containing fluorine 
[manufactured by SHIN'ETSU KAGAKU KOGYO Co., Ltd.; the trade 
name: X-12-2138H: the concentration of solid components'- 3% by weight] 
using a Mayer bar No. 4 in a manner such that the thickness of the film 
after the heating treatment was 140 nm. The formed layer was treated 
by heating at 150°C for 2 minute and a low refractivity layer having a 
refractive index of 1.40 was formed. 

The physical properties of the film for optical applications prepared 
as described above are shown in Table 1. 

The thickness of the coating layer was measured by using "MCPD- 
2000" manufactured by OTSUKA DENSHI Co., Ltd. and the refractive 
index was measured by using an Abbe refractometer manufactured by 
ATAGO Co., Ltd. The measurements were conducted in the same 
manner in the following Examples. 

Example 2 

A film for optical applications was prepared in accordance with the 
same procedures as those conducted in Example 1 except that the 
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preparation of the coating material in step (2) of Example 1 was changed 
as described in the following. The physical properties of the prepared film 
for optical applications are shown in Table 1. High refractivity layer I 
had a thickness of 100 nm and a refractive index of 1.71. 
<Preparation of a coating material> 

To 100 parts by weight of SEIKA BEAM EXF-OIL(NS) described 
above, 2,000 parts by weight of a dispersion of ITO [manufactured by 
DAINIPPON INK KAGAKU KOGYO Co., Ltd.; the concentration of solid 
components: 15% by weight] was added. The resultant mixture was 
diluted with isobutyl alcohol used as the solvent so that the concentration 
of solid components was adjusted to 3% by weight and a coating material 
was prepared. 

Example 3 

A film for optical applications was prepared in accordance with the 
same procedures as those conducted in Example 1 except that, in step (4) of 
Example 1, the coating material was changed to a siloxane-based 
antistatic agent "COLCOAT P [a trade name; manufactured by COLCOAT 
Co., Ltd.; the concentration of solid components: 2% by weight] and the 
layer was formed by using a Mayer bar No. 6. The physical properties of 
the prepared film for optical applications are shown in Table 1. The film 
for optical applications had a surface resistivity of 3 X 10 9 Q/LJ. 

The low refractivity layer had a thickness of 130 nm and a refractive 
index of 1.45. 

Example 4 
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A film for optical applications was prepared in accordance with the 
same procedures as those conducted in Example 1 except that, on the low 
refractivity layer formed in step (4) of Example 1, an antifouling layer was 
formed by coating with an antifouling coating material which was 
prepared by diluting a fluororesin "OPTOOL DSX [a trade name; 
manufactured by DAIKIN KOGYO Co., Ltd.; the concentration of solid 
components: 20% by weight] with a diluent specific for the fluororesin 
"DEMNAM SOLVENT" [a trade name; manufactured by DAIKIN KOGYO 
Co., Ltd.] so that the concentration of solid component was adjusted to 

0. 12% by weight, followed by drying the coating layer. The physical 
properties of the prepared film for optical applications are shown in Table 
1. 

Comparative Example 1 

A film for optical applications was prepared in accordance with the 
same procedures as those conducted in Example 1 except that the 
concentration of the coating material was adjusted to 4% by weight in step 
(2), step (4) was conducted to form the low refractivity layer without 
conducting step (3) of forming high refractivity layer II. The physical 
properties of the prepared film for optical applications are shown in Table 

1. High refractivity layer I had a thickness of 115 nm. 

Comparative Example 2 

A film for optical applications was prepared in accordance with the 
same procedures as those conducted in Example 1 except that step (2) was 
not conducted and the concentration of the coating material was adjusted 
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to 4.5% by weight in step (3). The physical properties of the prepared film 
for optical applications are shown in Table 1. High refractivity layer II 
had a thickness of 110 nm. 

Comparative Example 3 

A film for optical applications was prepared in accordance with the 
same procedures as those conducted in Example 2 except that, in step (2) of 
Example 2, 330 parts by weight of a solution of a polyester resin 
[manufactured by TOYOBO Co., Ltd.; the trade name: VYRON 20SS; the 
concentration of solid components: 30% by weight] was used in place of 100 
parts by weight of the acrylic resin of the ultraviolet light curing type 
SEIKA BEAM EXF-OIL(NS), the solvent for dilution was changed to a 
mixed solvent containing toluene and methyl isobutyl ketone in relative 
amounts of 1:1 by weight and high refractivity layer I was formed by the 
heating treatment at 100°C for 1 minute without the irradiation by 
ultraviolet light. The physical properties of the prepared film for optical 
applications are shown in Table 1. High refractivity layer I had a 
thickness of 90 nm and a refractive index of 1.73. 
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Table 1 





Bottom reflectivity (%) / wavelength (nm) 


Scratch 
resistance 


Example 1 


0.90 / 580 


good 


Example 2 


0.95 / 600 


good 


Example 3 


1.05 / 560 


good 


Example 4 


0.90 / 580 


good 


Comparative 
Example 1 


0.65/550 


poor 


Comparative 
Example 2 


1.40 / 590 


good 


Comparative 
Example 3 


0.70/610 


poor 
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